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ABSTRACT 

I n  t h i s  paper we develop est imates of growth, age a t  s ize,  and s i z e  a t  
sexual m a t u r i t y  f o r  t he  Tanner crab, Ckionoeccte6 b a i r r d i ,  u t i l i z i n g  observed 
modes from s i z e  frequency d i s t r i b u t i o n s  and measured growth o f  m o l t i n g  crabs. 

Growth per  m o l t  decreases a f t e r  sexual m a t u r i t y  f o r  males a t  an average s i z e  
o f  110 - 115 mm carapace width.  Females undergo a terminal  m o l t  t o  m a t u r i t y  
a t  an average s i z e  o f  83 mm carapace width.  Growth i s  s i g n i f i c a n t l y  less  
f o r  females mo l t i ng  t o  m a t u r i t y  than f o r  males a t  t h e  same s i z e  (a = .05) 
b u t  t he re  i s  no s i g n i f i c a n t  d i f f e r e n c e  (a = .05) between j uven i l es  of e i t h e r  
sex. Growth per m o l t  o f  males i n  t h i s  s tudy was n o t  s i g n i f i c a n t l y  d i f f e ren t  
(a = .025) between years.  A proposed growth-age r e l a t i o n s h i p  p r e d i c t s  t h a t  
females m o l t  t o  m a t u r i t y  a t  about age f i v e ,  w h i l e  males become mature a t  
about s i x  years o f  age. Recruitment t o  t he  male o n l y  f i she ry  occurs a t  
seven t o  e i g h t  years.  Even the  l a r g e s t  commercial ly caught males a re  prob- 
ab l y  no o l d e r  than twelve t o  f i f t e e n  years.  



INTRODUCTION 

Crustacean growth can be considered as a product  o f  t he  s i z e  increment gained 
a t  ecdysis (mo l t )  and t he  frequency of ecdysi s. Knowledge o f  growth, s i ze -  
age re l a t i onsh ips ,  and t he  s i z e  a t  m a t u r i t y  f o r  the  Tanner crab, Ck ionoece ta  
b a i t & ,  i s  essen t i a l  f o r  t h e  s c i e n t i f i c  management of t h i s  species. 

Studying growth i n  C. bairLdi  i s  compl icated because as w i t h  a l l  crustaceans 
C. baitLdi does n o t  con ta in  any growth r i n g  s t r uc tu res .  

I n  t h i s  paper, we develop est imates o f  growth, age a t  s ize,  and s i z e  a t  
sexual m a t u r i t y  f o r  Tanner crab i n  t he  Northern G u l f  o f  Alaska. These e s t i -  
mates a re  based upon observed growth and modal groups ev iden t  i n  s i z e  f re-  
quency d i s t r i b u t i o n s  taken a t  var ious po in t s  i n  t ime and l o c a t i o n .  Some of 
the s i z e  frequency d i s t r i b u t i o n s  were der i ved  from t raw l  and p o t  surveys n o t  
d i r e c t l y  r e l a t e d  t o  t h i s  study. Therefore,  s i z e  frequencies were compiled 
a t  i r r e g u l a r  i n t e r v a l s .  However, f o r  each sample, d e f i n i t e  pa t t e rns  i n  modal 
values e x i s t .  

We were ab le  t o  f i e l d  p roo f  growth and mol t frequency p red i c ted  from our 
modal by a t ime se r i es  o f  r e p e t i t i v e  samples from a s i n g l e  popu la t ion  of 
small crab. 

METHODS AND MATERIALS 

Mo l t  Frequency 

Mo l t  frequency was est imated and f i e l d  proofed from the  progress ion of domi- 
nant modes through a se r i es  o f  s i z e  frequency histograms. 

Crab samples were c o l l e c t e d  from t r a w l  nets,  commercial crab pots,  f i s h  
stomachs, and by scuba d i ve rs .  T raw l ing  was conducted i n  f o u r  l o c a t i o n s :  
( 1  ) Pr ince W i l l  iam Sound i n  1971, 1972, and 1973; ( 2 )  the  Nor thern Gulf of 
Alaska between Montague I s l a n d  and Cape S t .  E l i a s  i n  August 1973 and J u l y  
1976; (3 )  o f f sho re  Kodiak I s l a n d  i n  J u l y  1975 and 1976; and (4 )  Women's Bay, 
Kodiak on 3 December 1979 ( ~ i g u r e  1 ) . The t r aw l  i ng i n  Pr ince  W i  11 iam Sound 
used a 4.9 m (16 f t )  t r i - n e t  w i t h  19 mm (0.75 i n )  mesh n e t  f o r  the  codend. 
Trawl ing o f f sho re  Kodiak and the  Nor thern G u l f  o f  Alaska took p lace on an 
I n t e r n a t i o n a l  P a c i f i c  H a l i b u t  Commission (IPHC) t r aw l  survey us ing a 28.6 m 
(94 f t )  o t t e r  t r aw l  w i t h  89 mm (3.5 i n )  mesh n e t  f o r  the  codend. Trawl ing 
i n  Women's Bay was accomplished w i t h  a 400 Eastern o t t e r  t r a w l  w i t h  a small 
mesh 1 i n e r  i n  the codend. S ize frequency o f  commercial s i z e  males was de te r -  
mined by sampling t he  commercial harves t  i n  Kodiak. Tanner crab l ess  than 
30 mm carapace w id th  (CW) were c o l l e c t e d  from the stomachs o f  Pac i f i c  cod 
(Gud~d mach.ocephdR~b) and a l so  from tom cod (Uict~ogadun p o x i m ~ d )  and h a l i b u t  
(ffippagA?oabua ~ R e n o L e p h )  . Scuba d i v e r s  co l  1 ected small c rab i n  Women ' s Bay, 
Kodiak between 26 October 1978 and 4 May 1979 a t  depths t o  18 meters (60 f t ) .  

For a1 1 samples crabs were sexed and carapace w id th  measurements were taken 
t o  the  nearest  0.1 mm f o r  crabs l e s s  than 40 mm CW. Larger  crabs were mea- 
sured t o  the nearest  mm. 



FIGURE I. Locat ions of observations on the growth, age, and size a t  matur i ty  of the Tanner Crab, 

Chionoecefes bolrdi.  



Growth Per Mo l t  

Growth increment per mo l t  data was obtained by measuring crabs before and 
a f te r  mol t i n g .  Crabs preparing t o  mo l t  were co l l ec ted  by scuba d i ve rs  a t  
depths t o  23 m (75 f t )  i n  Women's Bay and Chiniak Bay, Kodiak I s l a n d  from 
November 1973 through November 1977 (F igure 1 ) . Crabs 1 arger  than 40 rm CW 
were immediately placed i n  1 m x 1 m x 0.5 m ho ld ing  pens; crabs smal ler 
than 40 mm CW were placed i n  per fo ra ted  1 qua r t  p l a s t i c  conta iners which 
were then placed i n t o  the l a r g e r  ho ld ing  pens. A1 1 crabs were he1 d a t  the 
same depth and approximate l o c a t i o n  as t h e i r  capture u n t i l  completion o f  
ecdysis o r  a maximum o f  7 days. No crabs were fed dur ing  the  ho ld ing  per iod.  

Growth per mo l t  was determined a f t e r  mo l t i ng  by measuring the grea tes t  CW 
(excluding spines) o f  the cas t  exoskeleton and the newshell crab which had 
been al lowed t o  harden f o r  24 hours. Crabs missing more than th ree  l imbs 
p r i o r  t o  mo l t ing  were no t  inc luded i n  t he  analys is .  A l l  measurements were 
made t o  the nearest m i l l i m e t e r .  

Incremental growth i s  analyzed according t o  the H i a t t  (1948) method of f i t t i n g  
a l e a s t  squares regress ion l i n e  using premolt  carapace w id th  as the indepen- 
dent va r i ab le  and postmol t carapace w id th  as the  dependent var iab le .  H i a t t  
p l o t s  were tes ted  f o r  the presence of i n f l e c t i o n  po in ts  by a technique described 
by Somerton (1978) . 
Fol lowing the  Somerton technique, incremental growth data were d iv ided i n t o  
two groups by a c u t o f f  p o i n t  moving sequent ia l l y  from the  smal lest  t o  l a r g e s t  
premolt w id th  i n  1 mm increments. Estimates o f  the  slope and i n t e r c e p t  of 
the two l i n e s  were obtained using l i n e a r  regression. The cutoff  p o i n t  y i e l d -  
i n g  two groups w i t h  t he  lowest pooled residua1 sum o f  squares fo r  the two 
l i n e s  was s i g n i f i c a n t l y  (a = .05) lower than the  res idua l  sum of squares fo r  
a s i ng le  l i n e  f i t  t o  a l l  the  data. Covariance ana lys is  was performed t o  t e s t  
f o r  the e q u a l i t y  o f  the regress ion parameters between j u v e n i l e  male and juve- 
n i l e  female growth s ince our data base f o r  j u v e n i l e  females was smal l .  

Size a t  Ma tu r i t y  

Size a t  50% matu r i t y  f o r  females was determined by regressing CW on the per- 
cent o f  mature females (Watson 1969; H i l s i n g e r  1976). The s i z e  a t  which the 
ovary matures was determined by the same method us ing percent of j u v e n i l e  
females w i t h  orange ovary as the dependent var iab le .  

Size o f  males a t  ma tu r i t y  was taken from e x i s t i n g  l i t e r a t u r e  (Brown and Powell 
1972; Somerton 1978). 

Age Determination 

I n  an attempt t o  est imate age, the  ca lcu la ted  i n s t a r  s izes were superimposed 
on carapace w id th  frequency d i s t r i b u t i o n s  on the assumption t h a t  recognizable 
s i z e  groups observed i n  c o l l e c t i o n s  o f  j u v e n i l e  crab correspond t o  annual 
cohorts. Such cohorts were assigned f o r  groups averaging up t o  56 mm i n  
width. The r e s u l t i n g  r e l a t i o n s h i p  was extended 1 i n e a r l y  over the range of 
s izes observed i n  the populat ion. 



RESULTS 

M o l t  Frequency 

S i  ze frequency d i s t r i b u t i o n s  f o r  juven i  1 e Tanner crabs c o l l  ected du r i ng  
January, A p r i l ,  May, June, Ju l y ,  and August i n  Pr ince  W i l l i am  Sound, t he  
Nor thern G u l f  of Alaska ad jacent  t o  Pr ince  W i l l i am  Sound, and o f f sho re  
Kodiak I s l a n d  a l l  e x h i b i t e d  w e l l  de f ined  and u s u a l l y  d i s c r e t e  s i z e  classes 
(H i  1 s inger  , Dona1 dson, and Cooney 1975) . 
I n  Pr ince W i l l i am  Sound modes appeared a t  11 mm, 27 mm, and 37 mm CW i n  
January and a t  14 mm i n  A p r i l  (Table 1 ) .  I n  May through June t he  pr imary 
mode was a t  18 mm w h i l e  i n  August modes occurred a t  12 mm, 19 mm, 27 mm, 
and 38 mm. Modes a t  85 mm and 105 mm were ev iden t  i n  J u l y  sampling i n  1976. 

I n  the  Nor thern G u l f  o f  Alaska, modes appeared a t  40 rnm and 54 mm i n  August. 
Samples o f  Tanner crabs from f i s h  stomachs i n  J u l y  showed modes a t  8 mm, 
12 mm, 17 mm, and 24 mm. I n  a1 1 stomach samples i n  which males and females 
were separated, t h e  modes appeared a t  t h e  same s izes.  

S ize  frequency d i s t r i b u t i o n s  f o r  crabs c o l l e c t e d  i n  t r aw l s  near Kodiak I s l a n d  
i n  1975 contained modes a t  58 mm f o r  males and 60 mm f o r  females. 

Above 60 mm, j u v e n i l e  females c l us te red  a t  83 mm w h i l e  the  male s i z e  f r e -  
quency blended i n t o  one l a r g e  u n d i f f e r e n t i a t e d  group between 60 mm and 110 mm. 

Females having undergone t h e i r  te rmina l  m o l t  averaged 94 mm i n  Kodiak waters 
w h i l e  a d u l t  males from the  Kodiak commercial f i s h e r y  averaged 141 mm, 156 mm, 
and 155 mm i n  1976, 1977, and 1978, r espec t i ve l y .  

On 26 October 1978 a popu la t ion  o f  Tanner crab was loca ted  on mud subs t ra te  
a t  a depth o f  about 18 m (60 f t )  i n  Women's Bay, Kodiak. S i x  consecut ive 
scuba d ives  extending t o  4 May 1979 were made on t h i s  popu la t ion .  A t o t a l  
o f  1,615 crab 9 - 45 mm i n  CW were c o l l  ec ted . Modes occurred a t  14 mm i n  
October and 18 t o  24 mm i n  January and March. A predominant mode i n  Apr i  1 
occurred a t  24 mm. The s t a r t  o f  a new modal group a t  about 33 mm CW i s  e v i -  
dent i n  A p r i l  w h i l e  a previous s t rong  mode a t  18 mm i s  g r e a t l y  reduced. Scuba 
sampl i ng i n  May showed modes a t  24 and about 33 mm CW (Tab1 e 1 and F igure  2 ) .  

The same popu la t ion  was sampled by t r a w l  i n  December o f  1979. A t o t a l  of 
679 male and female Tanner crab ranging f rom 18 mm t o  158 mm CW was c o l l e c t e d  
from seven tows. Prominent modes occurred a t  41 mm and 53 mm CW (Table 1 and 
F igure  2) . 
Growth Per M o l t  

A t o t a l  o f  371 ma1 e Tanner crab w i t h  a premol t  carapace w id th  between 12 and 
137 mm as w e l l  as 98 females between 12 mm and 93 mm molted i n  a manner 
descr ibed by Watson (1971 ) f o r  C. o p i t i o .  Records were grouped by 10 mn 
i n t e r v a l s  and a re  summarized i n  Tables 2 and 3 and presented i n  i t s  e n t i r e t y  
i n  Appendix Tables 1 and 2. Absolute and percentage increments f o r  males 
a re  graphed i n  F igure 3. Absolute growth per  m o l t  increases w i t h  s i z e  
among male Tanner crabs w h i l e  percent  growth decreases w i t h  s ize .  Crabs 
between 10 mm and 19 mm CW grew an average o f  32.5% w h i l e  those between 120 
mm and 129 mm increased i n  s i z e  by an average o f  20.7% (Table 2) . Females 



Table 1. P o s i t i o n  of Ckianaeccteh baitLdi modes i n  s i z e  f r e q u e n c y  d i s t r i b u t i o n s .  

Collection Location of modes 
Date Geoqraphic area method (mm carapace width) 

August 1971 Prince William Sound trawl 12 ,  19 ,  27, 38 

April 1972 Prince William Sound trawl 14 

May-June 1972 Prince William Sound trawl 18 

January 1973 Prince William Sound trawl 11, 27, 37 

August 1973 Northern Gulf of Alaska trawl 40,  54 

July 19 75 Kodiak fish stomach 8 ,  1 2 ,  17,  24 

July 1975 Kodiak trawl 58,  60 ,  83 

July 1976 Prince William Sound trawl 85, 105 

October 19 78 Kodiak scuba 14 

January 1979 Kodiak 

March 1979 Kodiak 

April 1979 Kodiak 

May 1979 Kodiak 

December 1979 Kodiak 

scuba 

scuba 

scuba 

scuba 

trawl 



Figure 2. 
Women's 

Carapace wldth (mm) 

Carapace width frequency distributions of male and female Chionoecetes 
Bay, Kodiak, Alaska. Arrows represent positions of calculated instars. 

-6- 

bairdi collected 



Table 2 .  Average incremental growth f o r  male Ckionoecetu b&di mol t i ng  
i n  ho ld ing  pens; 95% confidence 1 i m i  t s  inc luded 3 January 1974 
t o  25 November 1977. 

Size  Group Carapace width, mm Growth, mm 
(m m) n x pre y post  y - x  y - x% 



Table 3 .  Average incremental growth f o r  juveni le  female Ckionaecctes b a i h d i  
molting and remaining juveni le  and molting t o  maturi ty;  95% confi- 
dence l i m i t s  included, 4 February 1974 - 12 December 1977. 

S ize  Group Carapace width, mm fi 
(m 1.1) n x pre y pos t  y - x  y - x% 

Molting t o  maturity 



CARAPACE WIDTH ( m m )  

Figure 3. Absolute and percentage increments at molting 

for male Chionoecetes bairdi 



show s i m i l a r  growth t rends t o  t he  males. The 10 mm t o  19 mm group increased 
by 32.9% (Table 2) .  Females mo l t i ng  t o  m a t u r i t y  increased i n  s i z e  by a s i g -  
n i f i c a n t l y  small e r  amount than s im i  1 a r  s i z e  femal es remaining juven i  1 e. For 
example, i n  the 60 mm t o  69 mm c lass,  crabs mo l t i ng  t o  m a t u r i t y  increased i n  
s i z e  by an average of 20.9% w h i l e  those remaining as j uven i l es  a f t e r  the  mo l t  
grew 27.6% (Tab1 e 3 ) .  

Determi na t i on  o f  I n s t a r  Sizes 

Growth e r  m o l t  data by sex were p l o t t e d  by H i a t t ' s  (1948) method (Figures 
4 and 5 7 . Analys is  o f  covar iance o f  t he  regress ion  l i n e s  showed no s i g n i -  
f i c a n t  d i f f e rences  (a = .025) i n  growth between the 3 years.  Therefore,  
a1 1 3 years '  data were combined by sex. Growth equations generated where y 
i s  carapace w id th  i n  mm a f t e r  mo l t ing ,  x i s  t he  same be fo re  mo l t ing ,  and a 
and b a re  f i t t e d  constants are: 

1 )  male and female i n s t a r s  2 - 10: ( y  = 1 . 3 2 ~  + 0.02); 

2) male i n s t a r s  11 - 13, female i n s t a r s  11 + 12: ( y  = 1 . 1 9 ~  + 3.98); 

3)  male i n s t a r s  14 - 18: ( y  = 1 . 0 7 ~  + 15.75); and 

4)  female i n s t a r s  13, te rmina l  mo l t :  ( y  = 0 . 9 6 ~  + 17.59) 

Beginning w i t h  t he  f i r s t  i n s t a r  a t  a carapace w id th  range 3.2 mm t o  3.5 mm, 
equat ion 1 was used t o  c a l c u l a t e  i n s t a r  s i zes  up t o  and i n c l u d i n g  t he  t en th  
i n s t a r  f o r  males and female, t he  s i t e  o f  an apparent i n f l e c t i o n  p o i n t  (F igure  
4)  ; i n s t a r s  11 - 13 f o r  males and 11 and 12 f o r  females were ca l cu la ted  from 
equat ion 2. L ikewise male i n s t a r s  14 - 18 and t he  female m o l t  t o  m a t u r i t y  
( l a s t  i n s t a r )  were der i ved  from equations 3 and 4, r espec t i ve l y .  

No s i g n i f i c a n t  d i f f e r e n c e  i n  growth (a = .05) was found between male and 
female j uven i l es  up t o  a s i z e  o f  69 mm CW. A t  t h i s  s i z e  males cont inue on 
t he  same growth schedule t o  i n s t a r  13 w h i l e  females begin m o l t i n g  t o  m a t u r i t y  
a t  a reduced growth r a t e .  For males a change o f  s lope a t  about 90 mm premol t  
CW ( i n s t a r  13) which imp l i es  a change of growth r a t e  i s  ev ident .  The average 
90 mm male grows t o  be 11 2 and 137 mm dur ing  two subsequent mol ts .  

S ize a t  M a t u r i t y  

M a t u r i t y  stages i n  females can be separated by t he  th ree  events: ( 1  ) forma- 
t i o n  o f  the  ovary, ( 2 )  p roduc t ion  o f  orange ova, and (3 )  m o l t  t o  ma tu r i t y .  
A t  t he  m o l t  t o  m a t u r i t y  females mate and ovu la te  f o r  the  f i r s t  t ime. The 
ovary f i r s t  appears i n  females of 40 mm - 50 mm CW though i t  i s  s t i l l  absent 
i n  some crab i n  t he  60 - 70 mm group. The s i z e  a t  which 50% of females 
e x h i b i t  orange ova i s  68 mm CW (F igure  6 ) ,  w h i l e  50% of the  females a t  83 mm 
have undergone the  m o l t  t o  m a t u r i t y  (F i gu re  7 ) .  There i s  an obvious increase 
i n  the  growth r a t e  o f  the  abdominal f l a p  o f  the  female a t  the  m o l t  t o  m a t u r i t y  
and a corresponding reduc t i on  i n  carapace growth (F igure  8 ) .  

Brown and Powel 1 (1972) suggest the s i z e  a t  m a t u r i t y  f o r  ma1 es, based on chela 
s i z e  and reproduc t i ve  t r a c t  weight, i s  110 mm and 113 mm CW, r espec t i ve l y .  
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Figure 4 . Premolt - postmolt carapace width relationship for male I;hipnoecetes 

brrirdi held in ocean pons at Kodiak, Alaska. 
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Figure 5 .  Premolt - postmolt carapace width relationship for 

female Chionoecetes bairdi held in ocean pens at 

Kodiak, Alaska. 
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Figure 7 .  - Average size a t  maturity for female Chionoecetes 

buirdi at Kodiak , Alaska.  
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Figure 8 - Carapace Width - abdomen width relationship for female 

Chiono ecetes boirdi 



These s izes  were se lec ted  by separa t ing  t he  data s e t  i n t o  subsets based on 
a decrease i n  s lope  on t h e  H i a t t  diagrams. Th is  method may have some prob- 
lems, however. Somerton (1978) s t a tes  t h a t :  " s ince  t he  est imated slopes of 
t he  two l i n e s  a r e  o f t e n  s i m i l a r ,  t he  premol t  s i z e  o f  t h e i r  i n t e r s e c t i o n  p o i n t  
may be q u i t e  d i f f e r e n t  f rom x. When t h i s  occurs t he re  i s  a  problem us ing 
t h i s  type of model t o  p r e d i c t  pos tmo l t  s i z e  from premol t  s i zes  l y i n g  i n  t he  
i n t e r v a l  bounded by x  and t h e  i n t e r s e c t i o n  p o i n t .  I f  the  i n t e r s e c t i o n  p o i n t  
i s  used t o  separate t he  reg ions over which each equat ion i s  used t o  p r e d i c t  
postmol t  s i ze ,  then one o f  t h e  two equat ions must be ex t rapo la ted  beyond 
t h e  range o f  data used t o  es t imate  it" . Average s i z e  a t  matu r i  t y  based on 
chela  a l l ome t r y  o f  crabs f rom t h i s  s tudy was determined t o  be 112 m by 
Someton us ing t he  l e a s t  sums o f  squares method which shows: " t he  i n t e r sec -  
t i o n  p o i n t  producing the  bes t  f i t  o f  t he  s t r a i g h t  l i n e  model occurs a t  a  
premol t s i z e  o f  90 mm which corresponds t o  a  postmol t carapace w id th  of 112 
mm" . 
Females i n  t h i s  s tudy were found t o  produce f e r t i l e  eggs a t  o v u l a t i o n  when 
mat ing w i t h  males as smal l  as 90 mm. The average s i z e  o f  males mat ing w i t h  
females mol t i n g  t o  ma tu r i  t y  was 113 mm. 

Age and Growth Rate 

Growth equat ions developed by H i a t t ' s  method a r e  used t o  p r e d i c t  t h e  pos t -  
m o l t  w id th  o f  a  g iven  s i z e  crab. Using t he  t h ree  equat ions developed f o r  
males, a  hypo the t i ca l  crab can be f o l l owed  through a l l  i t s  mo l ts .  To see 
how our  p red i c t ed  s izes  match up w i t h  observed s i z e  frequency d i s t r i b u t i o n s  
as w e l l  as minimum and maximum s izes,  t h ree  m o l t i n g  se r i es  were computed as 
descr ibed p rev i ous l y  (Table  4) such t h a t  t he  crab passes through e i t h e r  17.0, 
18.0, o r  19.0 mm. These s izes  were chosen t o  match up w i t h  observed s i z e  
frequency modes a t  17 t o  19 mm. 

Dur ing J u l y  o f  1974 and 1976, t h e  f i r s t  i n s t a r  Tanner crab were found i n  
t he  stomachs o f  P a c i f i c  cod (Gadua rnamocephaLua), tom cod (Uimogadu 
pfioximun), and P a c i f i c  ha1 i b u t  (HippagRoaaua a.tenoLeph) . I n  1974 11 speci  - 
mens averaged 3.4 mm CW w i t h  a  range o f  3.3 t o  3.6 mm. Fourteen specimens 
c o l l e c t e d  i n  1976 had an average w i d t h  o f  3.1 mm and a range o f  2.9 t o  3.4 
mm . 
Based on t h e  observed mode f rom Pr ince  W i l l i a m  Sound i n  Ap r i  1  1972 (Table 
I ) ,  i t  appears t h a t  crabs have reached 14 mm CW a t  1  year  o f  age. I n  t he  
May-June pe r i od  o f  t h e  same year  a  mode o f  18 mm apparen t l y  represen t ing  
14 month o l d  crab was found. Crabs o f  27 mm were found i n  January i n  Pr ince  
W i l l i a m  Sound suggest ing t h a t  they  pass through t h e i r  second w i n t e r  a t  t h a t  
s i z e  and achieve approximately 13 mm a f t e r  t h ree  mo l ts  i n  t h e i r  second year .  

Samples c o l l e c t e d  i n  t he  Nor thern G u l f  of Alaska ad jacent  t o  P r i nce  W i l l i am  
Sound i n  August 1973 contained s i z e  frequency modes a t  40 and 54 mm. I n  
1976, samples f rom a near area i n  P r i nce  W i l l i a m  Sound were c l us te red  around 
85 and 105 mm. The animals apparen t l y  mol t e d  t h r e e  t imes i n  t he  i n t e r ven ing  
36 months making 85 and 105 mm crabs approximately 64 and 76 months of age, 
r espec t i ve l y .  These data were used t o  c a l c u l a t e  the  in te rmo l  t pe r i od  and 
p r o j e c t  probable ages f o r  crabs over 105 mm. 



Tab1 e 4. S i  ze-age re la t i onsh ips  f o r  Ckianoecctes bairLdi.  

-- 

Carapace width (mm) 
Predicted Age 

(months) 
Instar No .  d d d ? y = 0.69(x) - 0.52 



The regression of age in months (y )  on carapace width ( x )  resulted in the 
equation y = 0.69(x) - 0.52. This equation was used to  calculate age in 
months fo r  the calculated ins ta r  s izes  assuming no skip molting. The 
resul tant  molting scheme s ta r t ing  with a f i r s t  ins ta r  s i ze  of 3.4 mm CW 
(Table 4)  suggests that  about 76 months o r  jus t  over 6 years are required 
fo r  the average male to  achieve maturity, and fur ther ,  tha t  males reach 
the legal s i ze  of 140 mm CW a t  an age of 7.5 years. Rarely males larger 
than 200 mm are  found in  the commercial harvest. These animals would be 
12 years old. 

A time-series of prominent modes and intermolt periods, obtained by sampling 
a s ingle  population of small crab by scuba and trawls, substantiates our 
predicted i n s t a r  s izes  and intermol t periods from 9 mm - 54 mm ( i n s t a r s  
5 - 11) .  Respective i n s t a r  s izes  and intermolt periods from the monitored 
population (Table 1 )  a re  almost identical  t o  those predicted in Table 4. 
A t  present, the f ishery i s  apparently removing animals between 7.5 and 12 
years of age, or  u t i l i z ing  about 5 year classes.  In Figure 9 carapace 
widths of male crabs are  plotted against  i n s t a r  number and age i n  years 
formulating a model of growth. 

Using the predicted age fo r  average s ize  male crabs in  the population, and 
knowing the incremental growth increase with each molt, i t  i s  possible t o  
determine the intermolt period as a function of s i ze .  Animals smaller than 
35 mm molt more than twice per year. A 16 month intermol t period i s  indi- 
cated fo r  males about 86 mrn in width, and animals about 150 mrn CW o r  about 
the average s ize  in the commercial catch should shed t he i r  exoskeleton once 
every 18 months. Assuming skipmol t ing (molting every other year) a f t e r  mat- 
uri t y ,  average s ize  comercial crabs would be 10 t o  12 years of age. 

DISCUSSION 

Molt Frequency 

Animals spawned or hatched a t  d iscre te  times of the year typically shows 
modes in t he i r  s i ze  frequency dis t r ibut ions .  Tanner crab collected in  Prince 
William Sound, Northern Gulf of Alaska, and waters around Ksdiak i n  d i f ferent  
years show very s imi lar  modal s izes .  Because growth i n  s i z e  occurs only a t  
ecdysis, the distance between s ize  frequency modes should correspond to  the 
increase in  s i ze  a t  molting. 

Growth Per Molt 

Somerton (1 978) concluded tha t ,  "the s t ra igh t  1 i ne model describes crusta- 
cean growth increment per molt data be t t e r  than a hyperbolic model, especially 
when plots  of the data display an abrupt change in slope". Based on the 
c r i t e r ion  of goodness of f i t  he demonstrated the appropriateness of the 
s t ra igh t  1 ine mode fo r  C.  b u h d i  data. Therefore, we represent growth by 
the l inear  equation y = a +. bx.  

Inflect ion points along the s t ra igh t  l i ne  model indicates changes in growth 
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Figure 9 . Growth curve of  male Chionoccctes bairdi. 
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ra te .  Calculation of growth equations between inflect ion points resulted 
in be t t e r  f i t  to  the data than a sing1 e growth .equation fo r  the 1 ine. 
Both males and females show a s ignif icant  change in growth r a t e  a t  maturity. 
In females th i s  change i s  qui te  dramatic. The change in growth ra te  a t  
about 50 mm premol t width (Figure 4) may be associated with a change in 
1 i f es ty le .  An additional scuba survey i n  December 1979 covering the pre- 
vious scuba collect ing s i t e  revealed t ha t  the crab has dispersed from the 
area a f t e r  more than 6 months. The population was subsequently found by 
trawling seaward from the i r  previous nearshore habitation with prominent 
modes a t  41 mm and 53 mm. 

The resu l t s  of other growth studies on C. o p d X o  and an estimate of C.  bairLdi  
are  i n  general agreement with our resu l t s .  Mi 1 l e r  and Watson (1976) showed 
that  the percent growth per molt fo r  immature C. o p ~ o  crabs decreases 
with increasing crab s ize .  In addition, the average growth per molt reported 
fo r  mature males and the female molt t o  maturity fo r  C. a p i L L o  was 18.4 and 
14.8%, respectively. The average growth per molt f o r  C.  b d i h d i  mature male 
and the female molt to  maturity was 20.9 and 17.9%, respectively ( t h i s  study). 
Crude estimates of growth fo r  C. b d i h d i  in the Bering Sea by Hoopes, Karinen, 
and Pel t o  (1972) agree surprisingly we1 1 with our resu l t s .  They estimated 
tha t  a male C. b d d i  of 150 mm width would be 7 - 8 years old,  while our 
estimate f o r  t h i s  s i ze  crab i s  8.8 years.  

We found no s ignif icant  difference i n  growth per molt between juvenile males 
and females. These resu l t s  a re  similar  to  those reported by Kon e t  a l .  (1968) 
and I to  (1970) f o r  C. opA5.0. However, Miller and Watson (1976) report a 
s ignif icant  difference in the percentage width increment per molt versus pre- 
molt width fo r  immature crabs of both sexes. 

Our estimates of growth ranged from 25 t o  36% for  the f i r s t  to  sixth molts 
preceding maturity. For the same s i x  molts, growth of C. a p i 2 i o  ranged 
from 25 t o  40% ( I t o  1970; c i ted  by Miller 1976) and from 31 to  43% (Kon e t  a1 . 
1968; c i ted  by Miller 1976). 

Growth ranged from 14 t o  22% over f i ve  post maturity molts ( t h i s  study). 
Miller and Watson (1976) reported a constant 18% growth per molt fo r  mature 
male C.  o p d X o ,  however, they c i t e  several s tudies on large decapods tha t  
commonly show decreasing percentage increments per molt f o r  mature males. 

Size a t  Maturity 

Most researchers studying the family Majidae agree tha t  females undergo 
t he i r  f inal  molt as they reach maturity (Carl i s l e  1957; Knudsen 1964; Yoshida 
1941 ; Hilsinger 1976). Based on the s i z e  of the larges t  juvenile females, 
growth per molt a t  maturity and the proportion of adult  females with old 
she l l s ,  we have no reason t o  be1 ieve t ha t  even the larges t  adult  females 
mol t a f t e r  reaching maturity . 
After the ovary has formed i n  the female about 2 years pass before the orange 
ova begin to  form. Average females would require an additional year to  a t t a i n  
maturity . 
The s ize  a t  50% maturity in females (83 mm CW) appears t o  be a good estimate 



o f  the average s i z e  p r i o r  t o  the m o l t  t o  m a t u r i t y .  An 83 mn female would 
grow t o  97 mrn a t  the  m o l t  t o  m a t u r i t y  . 
Among males, 90 mm appears t o  be the s i z e  a t  which t he  m o l t  t o  m a t u r i t y  
occurs. Such an animal would grow t o  112 mm. Since changes i n  body form 
occur a t  ecdysis est imates o f  s i z e  a t  m a t u r i t y  u t i l i z i n g  chela morphology 
would r e l a t e  t o  t h e  pos t  m o l t  s i ze .  

Age and Growth Rate 

As w i t h  the  growth per  m o l t  data, our age-size r e l a t i o n s h i p  matches f a i r l y  
we1 1  w i t h  r e s u l t s  f o r  C. o p i l i o  ( M i l l e r  and Watson 1976) and C. b&di 
(Hoopes, Ka r i  nen, and Pel t o  1970). 

Ex t rapo la t i ng  i n  a  l i n e a r  manner f rom the  size-age r e l a t i o n s h i p  o f  small 
crab suggests a  g radua l l y  inc reas ing  i n t e r m o l t  p e r i o d  r a t h e r  than one which 
changes ab rup t l y  from say 6 months t o  12 months t o  24 months. Tag recover ies 
i n d i c a t e  t h a t  some mature i n d i v i d u a l s  may n o t  m o l t  f o r  2  o r  3 years.  For ty -  
seven percent  o f  the  tagged crabs recovered ( w i t h  tags t h a t  a re  l o s t  a t  
ecdys is)  around Kodiak I s l a n d  i n  1975 were recovered between 1  and 2 years 
a f t e r  re lease w h i l e  8% were recovered between 2  and 3 years a f t e r  re lease.  
Three i n d i v i d u a l s  tagged i n  J u l y  1973 were recovered w i t h  t ag  i n t a c t  3.7 
years 1  a t e r .  Since approximately 50% o f  a1 1  crab tagged were skipmol t s  a t  
the  t ime o f  tagging, extens ive in te rmo l  t per iods a re  i n d i c a t e d  f o r  a t  l e a s t  
a  p o r t i o n  o f  the  mature male popu la t ion  (Donaldson 1980). I t  i s  s t i l l  
unknown when the  te rmina l  m o l t  occurs i n  male Tanner crabs. Based on the 
s i z e  o f  crabs i n  t he  commercial harves t  i t  appears t h a t  most crabs a re  har-  
vested i n  t h e i r  s i x t een th  i n s t a r  and r e l a t i v e l y  few ever  en te r  i n s t a r  17. 
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APPENDICES 



APPENDIX TABLE 1.--Growth per molt data f o r  male Tanner crab, Gzionoecetes bairdi ,  
held i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 mrn 
premol t carapace width in tervals  by date of molt. 

Premolt (mm) Pos tmol t ( m m )  Growth ( m m r  
r igh t  r igh t  r igh t  

No. Date of Molt length width chela length w i d t h  chela length width chela 



APPENDIX TABLE 1 .--Growth p e r  mol t  d a t a  f o r  male Tanner c r a b ,  Chionoecctes b a i r d i ,  
he ld  i n  ocean pens a t  Kodiak, Alaska. Observat ions  grouped by 10 mrn 
premolt  ca rapace  width i n t e r v a l s  by d a t e  o f  molt .  

10 - 19 (con t inued)  
Premol t ( m m )  Pos tmol t (mm) Growth ( m m r  

r i g h t  r i g h t  r i g h t  
No. Date o f  Molt l e n g t h  width  c h e l a  l e n g t h  width che la  l e n g t h  width c h e l a  -- 

- 
X 14.6 17.7 2.0 18.8 23.5 2.67 4.25 5.75 0.66 

S. D. 1.78 2.25 0.33 2.13 2.80 0.37 0.60 0.73 0.19 

95% C.I .  t 3.48 4.41 0.64 4.17 5.48 0.72 1.17 1 .43 0.37 

- 
X 18.4 23.2 2.6 23.6 30.6 3.6 5.2 7.4 1 .0  

S.D. 3.18 4.52 0.70 4.03 5.79 0.70 0.84 1.27 0 

95% C.I. t 6.23 8.85 1.37 7.89 11.34 1.37 1.64 2.48 - 



APPENDIX TABLE 1 .--Growth per  rnol t d a t a  f o r  male Tanner c r a b ,  Chionoecetes bairdi.:, 
he ld  i n  ocean pens a t  Kodiak, Alaska. Observat ions  grouped by 1 0  mrn 
preinol t ca rapace  width i n t e r v a l s  by d a t e  of  molt.  

30 - 39 (con t inued)  
Prernolt (rnm) Pos tmol t (mm) Growth ( m m ) )  

r i g h t  r i g h t  r i g h t  
No. Date of Molt l e n g t h  width c h e l a  l e n g t h  width c h e l a  l eng th  width che la  

S, D .  3.08 1.06 0.19 0.99 1.66 0.41 0.93 1.49 3.84 

95% C.I. + 6.04 2.07 0.37 1.94 3.25 0.80 1.82 2.92 2.53 

- 
X 33.6 42.5 4.4 42.7 54.0 7.0 6.7 11.5 1.9 

S. D. 1 -91 2.43 1.71 1.81 2.35 0.51 4.26 1.06 0.54 

95% C.I.  * 3.74 4.76 3.35 3.55 4.60 0.99 8.35 2.07 1.06 



APPENDIX TABLE 1 .--Growth per  molt  d a t a  f o r  male Tanner crab, Chiorzoecetcs b a i r d i ,  
held  i n  ocean pens a t  Kodiak, Alaska.  Observa t ions  grouped by 1 0  mm 
preinolt ca rapace  width i n t e r v a l s  by d a t e  o f  m o l t .  

50 - 59 
Premolt  (mm) Postmol t ( m m )  Growth (rnm-. 

r i g h t  r i g h t  r i g h t  
No. Date o f  Molt l e n g t h  width  c h e l a  l e n g t h  width che la  l e n g t h  width che la  

S.D. 79.2 1.34 0.45 1.05 2.59 0.84 1.13 1.71 0.70 



APPENDIX TABLE 1 .--Growth per molt data f o r  male Tanner crab, Chionoecetes bairdi ,  
held in ocean pens a t  Kodiak, Alaska. Observations grouped by 10 mrn 
premolt carapace width in tervals  by date of molt. 

60 - 69 (continued) 
Premol t ( m m )  Pos tmol t (mm) Growth ( m m ) )  

right r i g h t  r igh t  
No. Date of Molt length width chela length width chela length width chela 



APPENDIX TABLE 1 .--Growth p e r  molt  d a t a  f o r  male Tanner c r a b ,  Chionoecetes ba i rd i ,  
he ld  i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 1 0  mm 
p r e a o l t  ca rapace  width i n t e r v a l s  by d a t e  of molt. 

60 - 69 (con t inued)  
Premolt  (mm) Pos tmol t (rnm) Growth ( m m i  

r i g h t  r i g h t  r i g h t  
No. Date of Molt l e n g t h  width c h e l a  l e n g t h  width che la  l eng th  width che la  

- 
X 50.9 65.3 8.8 62.8 81.7 11.2 11.9 16.3 2.4 

S.D. 1.99 2.53 0.67 2.68 3.63 0.99 1.68 1.86 0.90 



APPENDIX TABLE 1 .--Growth p e r  molt  d a t a  f o r  male Tanner c r a b ,  Chionoecctes bairdi, 
he ld  i n  ocean pens a t  Kodiak, Alaska. Observat ions  grouped by 1 0  mm 
preinol t ca rapace  width i n t e r v a l s  by d a t e  of molt. 

70 - 79 (con t inued)  
Premolt  (mm) POS tmol t (mm) ' Growth (rnrn?-. 

r i g h t  r i g h t  r i g h t  
No. Date of Molt l e n g t h  width c h e l a  l e n g t h  width c h e l a  l e n g t h  width  chela- 

- 
X 57.0 73.5 10.3 70.5 91.4 13.3 13.5 17.8 3.0 

S.D. 2.09 2.12 1.03 3.18 3.37 1.04 2.16 2.29 1.23 

9 5 % C . I . +  4.10 4.15 2.02 6.23 6.60 2.04 4.23 4.48 2.41 



APPENDIX T A B L E  1 .--Growth per  mol t data  f o r  male Tanner crab,  Chionoece&es bairdi ,  
held i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 mm 
premolt carapace width i n t e r v a l s  by da te  of molt. 

80 - 89 
Premol t (mm) Pos tmol t (mm) Growth ( m m i  

r i g h t  r i g h t  r i g h t  
No. Date of Molt length width chela length width chela length width chela 



APPENDIX TABLE 1.--Growth per  molt da ta  f o r  male Tanner c rab ,  Chionoecetes bairdi ,  
held i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10  mm 
preinol t carapace width i n t e r v a l s  by d a t e  of  molt. 

80 - 89 (continued) 
Premol t (mm) Pos tmol t (mm) Growth [rnm>- 

r i g h t  r i g h t  r i g h t  
No. Date o f  Molt l ength  width che la  length  width che la  length  width chela 

23 11 -1 4-75 66.0 87-0 12.0 81.0 107.0 17.0 15.0 20.0 5.0 



APPENDIX TABLEI.-- Growth per  m o l t  data f o r  male Tanner crab, Chionoecctes baird i ,  
h e l d  i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 mm 
premol t  carapace w id th  i n t e r v a l s  by date of mo l t .  

80 - 89 (cont inued)  
Premolt  (mm) Pos tmol t (mm) Growth (mm) . r i q h t  r i q h t  r i q h t  

No. Date of Mo l t  l eng th  w id th  chela l e n g t h  w id th  chela l eng th  w id th  chela 

- 
X 65.6 85.2 10.3 80.9 105.2 16.1 15.2 20.0 4.6 

S. D. 2.59 2.62 3.70 3.64 4.28 2.67 2.40 3.08 1.97 

95% C . I .  + 5.08 5.14 7.25 7.13 8.39 5.23 4.70 6.04 3.86 



APPENDIX TABLE 1 .--Growth p e r  molt  d a t a  f o r  male Tanner c r a b ,  Chionoecetes bairdi, 
he ld  i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 mm 
premolt  carapace width i n t e r v a l s  by d a t e  o f  molt .  

90 - 99 (con t inued)  
Premol t (mm) Postmol t (mm)  Growth ( m m )  

r i g h t  r i g h t  r i g h t  
No. Date of Molt l e n g t h  width  c h e l a  l e n g t h  width c h e l a  l e n g t h  width che la  

16 12-20-74 72.0 92.0 13.0 91.0 117.0 22.0 19.0 25.0 9.0 



APPENDIX TABLE 1.--Growth per mol t  data f o r  male Tanner crab, Chionoecetes bairdi ,  
he ld  i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 mm 
premolt  carapace wi.dth i n t e r v a l s  by date o f  molt. 

90 - 99 (continued) 
Premolt (mm) Postmolt (mm) Growth (rnrn) 

r i g h t  r i g h t  r i g h t  
No. Date o f  Mo l t  length  w id th  chela l eng th  width chela length width chela 



APPENDIX T A B L E  1 .--Growth per molt data  f o r  male Tanner crab, Chionoecetes bairdi ,  
held i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 rnm 
premolt carapace width i n t e r v a l s  by da te  of molt. 

90 - 99 (continued) 
Premol t (mm) Pos tmol t (mm)  Growth (mm) 

r i g h t  r i g h t  r i g h t  
No. Date of Molt length width chela length w i d t h  chela length width chela 



APPENDIX TABLE 1 .--Growth per  molt d a t a  f o r  male Tanner c r a b ,  Chionoecetes bairdi, 
h e l d  i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 mm 
premolt  carapace width i n t e r v a l s  by d a t e  o f  molt. 

90 - 99 (con t inued)  
-- 

Premol t ( m m )  Pos tmol t (mm) Growth (%)-- 
r i g h t  r i g h t  r i g h t  

No. Date of Molt l e n g t h  width c h e l a  l e n g t h  width c h e l a  l e n g t h  width c h e l a  

- 
X 73.1 94.4 13.7 89,9 116.7 20.3 16.9 22.0 6.7 

S.D. 2.38 2.87 1.91 3.45 4.49 2.74 2.69 4.07 3.77 

9 5 % C . I m +  4.66 5.62 3.74 6.76 8.80 5.37 5.27 7.97 7.39 



APPENDIX TABLE 1 .--Growth per  molt d a t a  f o r  male Tanner c r a b ,  Chionoecetes bairdi, 
. h e l d  i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 mm 
premol t carapace ,width i n t e r v a l s -  by d a t e  of molt. 

100 - 109 (con t inued)  
Premolt (mm) Postmolt  (mm) Growth (mm) 

r i g h t  r i g h t  r i g h t  
No. Date of Molt l e n g t h  width che la  l e n g t h  width c h e l a  l eng th  w i d t h  c h e l a  



APPENDIX T A B L E  1 .--Growth per molt data f o r  male Tanner crab,  Chionoecetes baird i ,  
held in  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 mm 
premol t carapace .width in terva l  s by da te  of mol t. 

100 - 109 (continued) - 
Premolt (mm) Pos tmol t (mrn) Growth (mm) 

r i g h t  r i g h t  r i g h t  
No. D a t e  of Molt length width chela length width chela length width chela 



APPENDIX TABLE 1 .--Growth p e r  molt  d a t a  f o r  male Tanner c r a b ,  Chionoecetes hairdi, 
held  i n  ocean pens a t  Kodiak, Alaska. Observat ions  grouped by 10  mm 
premol t  carapabe width i n t e r v a l s  by d a t e  of molt .  

. -. 
Premol t (mm) Postmol t  (mm) Growth (mm) 

r i g h t  r i g h t  r i g h t  
No. Date of Molt l e n g t h  wid th  c h e l a  l e n g t h  width  c h e l a  l e n g t h  width che la  



APPENDIX TABLE 1 .--Growth per  molt d a t a  f o r  male Tanner c rab ,  Fnionoecetes bnird i ,  
held  i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 mm 
premolt  carapace width i n t e r v a l s  by d a t e  of molt .  

119 - 119 (cont inued)  - 
Premolt  (mm)  Pos tmol t (mm) Growth (mm) 

r i g h t  r i g h t  r i g h t  
No. Date of Molt l e n g t h  width c h e l a  l e n g t h  width c h e l a  l e n g t h  width c h e l a  
25 2-9-75 89.0 116.0 18.0 106.0 140.0 28.0 17.0 24.0 10.0 



APPENDIX TABLE 1 .--Growth pstrc.molt data f o r  male Tanner crab, Chionoecetes baird i ,  
he ld  i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 rnm 
premol t  carapace w id th  i n t e r v a l s  by da te  of mol t .  

110 - 119 (cont inued)  
Premolt  (mm) Pos tmol t (mm) Growth (mm) 

r i g h t  r i g h t  r i g h t  
No. Date o f  M o l t  l e n g t h  w i d t h  che la  l e n g t h  w i d t h  che la  l e n g t h  w id th  che la  

S.D. 2.54 2.69 0.95 3.61 3.89 2.12 2.25 2.31 1.80 

95% C.I. * 4.98 5.27 1.86 7.08 7.62 4.16 4.41 4.52 3.53 



APPENDIX T A B L E  1 .--Growth per molt data f o r  male Tanner crab, Chionoecetes ba i rd i ,  
held i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 10 mm 
premol t carapace width i n t e r v a l s  by da te  of molt. 

120 .- - - - 129 (continued) 
Premol t (mm - Postmol t (mm) Growth (mm) 

?i g m  r i g h t  r i g h t  
No. Date of Molt length width chela length width chela length width chela -- 

- 
X 102.5 133.5 30.0 119.0 154.5 42.0 16.5 21.0 12.0 

S. D. 3.54 4.94 1.41 2.12 2.12 2.82 

95% C.I. -+ 9.68 4.15 5.52 



APPENDIX TABLE 2 .--Growth per mo1 t da ta  f o r  female Tanner crab, Chionoecetes bairdi, 
held i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 
10  mm premolt carapace width in t e rva l s  by da te  of molt (* molt t o  
maturi ty)  

Premolt (mm) Pos tmol t (mm) Growth ( m m )  
No. Date of Molt length width abdomen length width abdomeq length width abdomen 

-. 
X 14.5 17.4 5.03 18.5 23.1 7.3 4.01 5.77 2.21 

S.D. 1.94 2.37 0.81 2.47 3.30 1.33 0.72 0.96 0.61 

9 5 % C . I . +  3.8 4.6 1.6 4.8 6.5 2.6 1.4 1 . 2  1.2 

- 
X 17.1 20.5 6.3 21.7 27.3 9.4 4.6 6.6 3.2 

S.D. 0.77 0.49 0.07 0.49 0.42 0 0.28 0.35 0.07 



APPENDIX TABLE 2.--Growth per molt data f o r  female Tanner crab,  Chionoecetes bairdi, 
held i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 
10 mm premol t carapace width i n t e r v a l s  by da te  of molt (* molt t o  
maturi t y )  

Premol t (mm) Postmol t (mm) Growth (mm) 
No. Date of Molt length width abdomen length width abdomerl length width abdomen- 

S.D. 0.79 1.56 0.64 1.86 1.84 1.04 1.53 0.95 0.92 

9 5 % C . I . +  1.54 3.05 1.25 3.64 3.60 2.03 2.99 1.86 1.80 

S.D. 2.16 3.11 1.69 2.44 3.15 1.59 0.99 0.75 0.83 

9 5 % C , I . +  4.23 6.09 3.31 4.78 6.17 3.11 1.94 1.47 1.62 

-46- 



APPENDIX TABLE 2.--Growth p e r  mol t  d a t a  f o r  female Tanner c r a b ,  Chionoecetes baCrdi, 
he ld  i n  ocean pens a t  Kodiak, Alaska. Observat ions  grouped by 
10  mm premol t ca rapace  width i n t e r v a l s  by d a t e  of  molt  (* molt  t o  
m a t u r i t y )  

Premolt  (mm) Pos tmol t ( m m  ) Growth ( m m )  -- 
No. Date o f  Molt l e n g t h  width  abdomen l e n g t h  width abdome!) l e n g t h  width abdomen 



APPENDIX TABLE 2 .--Growth p e r  mol t  d a t a  f o r  female Tanner c r a b ,  Chionoecetzs h a i r d i ,  
held  i n  ocean pens a t  Kodiak, Alaska. Observat ions  grouped by 
10 mm premolt  ca rapace  width i n t e r v a l s  by d a t e  of molt  (* molt t o  
rnaturi t y )  

Premolt  (mm) Pos tmo 1 t (mm) GrowtT (mm) 
No. Date o f  Molt l e n g t h  width abdomen l e n g t h  width abdomen leng th  width abdomen 

- 
X 50.9 65.2 28.8 64.2 82.2 41.7 13.2 17.0 12.7 

A 
1 S.D. 2.50 3.15 1.86 2.36 3.05 6.11 1.60 2.40 5.03 

1 
95% C.I. + 4.90 6.17 3.64 4.62 5.97 11.90 3.13 4.70 9.85 

a v 
i e S.D. 
n n 
e i 95% C.I. k 4.57 6.03 3.31 5.17 6.74 3.19 2.33 3.44 2.06 
d 1 

e 
S 

e t 
d u S.D. 1.70 1.41 1.0 0.96 1.25 1.52 1.73 2.50 1.53 

r 
t i 9 5 % C . I .  k 3.30 2.76 1.96 1.88 2.45 2.98 3,39 4.90 3.00 
0 t 

Y 



APPENDIX TABLE 2 .--Growth p e r  mol t  d a t a  f o r  female  Tanner c r a b ,  Cl~ionoecetes h n i r d i ,  
h e l d  i n  ocean pens a t  Kodiak, Alaska.  O b s e r v a t i o n s  grouped by 
1 0  rnrn premol t  c a r a p a c e  width  i n t e r v a l s  by d a t e  o f  m o l t  (* molt  t o  
m a t u r i t y )  

I U  - I Y  - 
Premol t (mm) Pos tmol t (mm) Growth ( m m )  

No. Date o f  Molt l e n g t h  width  abdornen l e n g t h  width  abdomeg l e n g t h  width  abdomen 



APPENDIX TABLE 2.--Growth p e r  mol t  d a t a  f o r  female Tanner c rab ,  Chionoccctes b a i r d i ,  
' h e l d  i n  ocean pens a t  Kodiak, Alaska. Observat ions  grouped by 
1 0  mm pre~nol t ca rapace  width i n t e r v a l s  by d a t e  o f  mol t  (* molt t o  
m a t u r i t y )  

70 - 79 (con t inued)  
Premolt  (mm) Pos tmol t (mm) Growth (rnm) 

No. Date o f  Molt l e n g t h  width abdomen l e n g t h  wid th  abdome.vi l e n g t h  width  abdomen 

a v 
i e S.D. 0.82 1.95 0.90 2.15 2.22 1.41 1.62 2.13 1.35 
n n 
e i 9 5 % C . I . +  1.61 3.82 1.76 4.21 4.35 2.76 3.18 4.17 2.65 
d 1 

e 

M 
0 

1 M  - 
t a  X 59.2 75.2 34.4 69.8 89.84 58.6 10.6 14.6 24.2 
e t 
d u S.D. 2.32 2.22 1.39 2.53 2.94 2.43 1.38 2.45 1.77 

r 
t i 9 5 % C . I . +  4.55 4.35 2.72 4.96 5.76 4.76 2.70 4.80 3.47 
0 t 

Y 



APPENDIX TABLE 2 .--Growth per molt da ta  f o r  female Tanner crab,  Chionoecetes hair&;, 
held i n  ocean pens a t  Kodiak, Alaska. Observations grouped by 
10 mm premol t carapace width i n t e r v a l s  by d a t e  of  molt (* molt t o  
matur i ty )  

- - 

Premol t ( m m )  Postmolt ( m m )  Growth (mm) 
No. Date of Molt l ength  width abdomen length width abdomen length width abdomen 



APPENDIX TABLE 2 .--Growth p e r  mol t d a t a  f o r  .female Tanner c r a b ,  Chionoecetes bairdi, 
' h e l d  i n  ocean pens a t  Kodiak, Alaska. Observat ions  grouped by 
1 0  mm premol t ca rapace  width i n t e r v a l s  by d a t e  o f  molt  (* mo1 t t o  
m a t u r i t y )  

90 - 99 
Premol t (mm Postmol t (mm) Growth (mm 

No. Date o f  Molt l e n g t h  width  'abdomen l e n g t h  width abdomen leng th  width - 'abdomen 

- 
X 71.8 91.8 42.3 83.0 105.8 67.6 11.1 14-0  25.3 

S.D. 2.13 0.75 2.42 3.09 2.13 4.80 1.16 1 .78 2.87 

9 5 % C . I . +  4.17 1.47 4.74 6.05 4.17 9.4 2.27 3.48 5.62 
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